Vitamin C (ascorbic acid) has long been known to have antioxidant properties, with associated claims that it can boost the immune system, fight off infection, and help in the treatment of cancer. Similar to many other over-the-counter and herbal medicines, vitamin C can cause potential side effects with significant morbidity and rarely mortality. We discuss a case of an elderly woman with metastatic adenocarcinoma of the lung that was treated with several rounds of allopathic chemotherapy; however, treatment was stopped because of worsening quality of life and disease progression. She was treated with 10 courses of intravenous high-dose vitamin C at a local homeopathic medical center as an alternative treatment method. Five days after the last vitamin C administration, she was admitted to an allopathic hospital due to acute renal failure and oliguria culminating in a myocardial infarct due to underlying atherosclerotic disease. Workup revealed dehydration secondary to poor oral intake and acute renal failure which was clinically concerning for calcium oxalateinduced kidney injury. At the time of autopsy, in addition to her widely metastatic adenocarcinoma and myocardial damage, hyperoxalosis of the kidney with acute kidney injury was present. Hyperoxalosis of the kidney is a documented phenomenon related to administration of intravenous and oral vitamin C at superphysiologic doses as recommended by some natural and homeopathic practitioners and is, therefore, a significant complication of treatment. This case highlights the renal complications of supertherapeutic vitamin C administration and the associated morbidity which can contribute to death. Acad Forensic Pathol. 2019 9(1-2): 118-126 
INTRODUCTION
Vitamin C (ascorbic acid) has long been known to have antioxidant properties (1) . This vitamin is commonly used as an over-the-counter medication for the treatment of a variety of different conditions including the common cold, influenza, and iron metabolism abnormalities among other uses (2) . Other less traditional uses for vitamin C also include cancer treatment, both alone and in conjunction with chemotherapy (3) (4) (5) .
We present a case of an elderly female with widely metastatic adenocarcinoma of the lung refractory to traditional chemotherapy. She was treated at a homeopathic medical center with vitamin infusions that likely contained supertherapeutic doses of vitamin C. This treatment led to renal oxalosis and acute renal failure which contributed to her death. To our knowledge, renal oxalosis due to vitamin C administration has not previously been reported in forensic pathology literature.
CASE REPORT
The decedent was a 76-year-old woman who was diagnosed with adenocarcinoma of the lung with known metastases to the contralateral lung and bone. Her past medical history was also significant for severe atherosclerotic and hypertensive cardiovascular disease with a remote posterior left ventricular infarct and complete occlusion of the right coronary artery. The left coronary artery had severe stenosis requiring a stent several years prior to death. No history of renal disease or nephrolithiasis was obtained from the medical record or family members. Palliative chemotherapy was initiated but was quickly discontinued due to progression of disease and chemotherapy intolerance (predominantly quality of life). No additional medical treatment was recommended and she was placed in hospice care. She decided to seek additional homeopathic treatment options through a local homeopathic medical center.
The treating consultant at the homeopathic medical center recommended "nutritional support" which included intravenous vitamin infusions. Per records obtained from the outside homeopathic facility, the infusions included vitamins B, C, and D; however, the dosages and volumes of each were not recorded. The center's website also includes that these infusions contain "high-dose" vitamin C, alpha lipoic acid, glutathione, resveratrol, and "natural killer" cell stimulators. The records from these infusions did not include the actual amount of vitamin C per infusion; however, one note did reference 250 cc of the undisclosed vitamin solution and additional 25 cc of vitamin C (unrecorded dosage) was to be administered at the next visit. According to family members, she received a total of ten infusions over the course of approximately one month, with initial reports of improving quality of life. Within five days of the final infusion, the decedent, who had been having decreased oral intake for approximately one week including fluid intake, began to have increasingly altered mental status.
She was taken to an allopathic medical facility where she was found to have acute renal failure and dehydration with concern for a urinary tract infection. Her blood urea nitrogen was elevated from baseline to 38 mg/dL (from 9 mg/dL two weeks prior) and her creatinine had also increased to 4.55 mg/dL (from 1.32 mg/ dL two weeks prior and 0.98 mg/dL one month prior). Her glomerular filtration rate had also significantly decreased in that two week period. Consultation provided by nephrology was concerning for a combined prerenal injury due to dehydration along with a renal cause due to oxalosis from these vitamin infusion. She had no history or imaging findings to support renal stones as the source. She was treated for acute renal failure as an inpatient, but shortly after admission, she developed an acute myocardial infarct and died.
At the request of her family, a consented hospital autopsy was conducted and she was found to have widely metastatic adenocarcinoma with metastases to the left lung, liver, bowel mesentery, multiple lymph node beds including the hilar and mediastinal nodes, and numerous bony metastases including the left clavicle, multiple vertebra in all segments of the spinal column, multiple ribs, and the right skull base. She also had fibrosis in the posterior wall of the left ventricle indicative of an old myocardial infarct and the kidneys CASE OF THE MONTH appeared small and mildly granular. Histologic examination of the heart revealed numerous hypereosinophilic cardiac myocytes, with focal contraction band necrosis and scattered neutrophils indicating an acute infarct adjacent to the area of fibrosis corresponding to remote infarct (Image 1). Histologic examination of the kidneys revealed mild global glomerulosclerosis with diffuse mild hypertensive arteriolosclerosis. Mild interstitial fibrosis with scattered foci of lymphocytes was also present. Within the renal tubules were numerous strongly birefringent, polarizable crystals in fan-and sheath-shaped arrangements consistent with calcium oxalate crystals (Image 2). Associated with some of the tubules was mixed lymphocytic and neutrophilic inflammation with focal tubular destruction in association with the oxalate crystals. An ethylene glycol level was ordered on antemortem samples obtained around the time of admission to the allopathic hospital and the result was negative.
The cause of death was certified as acute myocardial infarction due to coronary artery disease caused by atherosclerotic and hypertensive cardiovascular disease. Additional contributing factors included metastatic adenocarcinoma of the lung and acute kidney failure. We attribute the acute kidney failure to be secondary to both dehydration and hyperoxalosis of the kidney. The manner of death was natural.
Image 1A: Cardiac myocyte loss with interstitial fibrosis at the border of the fibrous area in the left ventricle. These findings are consistent with a remote myocardial infarct with resultant fibrosis (H&E, x50). 
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DISCUSSION
The mechanism of action of vitamin C in cancer treatment is not well understood, and there are several competing theories. Some authors believe that vitamin C works through a paradoxical oxidation-induced cellular toxicity due to an altered superoxide dismutase pathway in cancer cells (6) . Other authors believe that autophagy and vitamin C-induced apoptosis may play a role (7) . Another theory focuses on direct anticancer cell effects and vitamin C-induced tumor cell death (4, 5, 8) . Treatment in several cancer models also suggests a role for chemotherapy potentiation in some types of cancer (3); however, some studies have also showed accelerated tumor cell growth in certain types of cancer and at certain dosages of vitamin C (8) . The findings in the literature are inconsistent and contradictory with no consensus about effects or appropriate dosages. Some literature suggests treatment with 1 g or more (up to 4 grams) of vitamin C per infusion as standard of care (3) (4) (5) (6) . The studies also suffer in that many are retrospective or small-scale reviews and none are standardized.
Although vitamin C is a relatively safe supplement due to highly regulated absorption, metabolism, and excretion, physicians must still be familiar with the potential side effects and possible drug interactions Image 1B: Hypereosinophilic cardiac myocytes with contraction band necrosis and scattered neutrophils consistent with an acute infarct (H&E, x80).
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with the use of any over-the-counter medication, herbal supplement, or vitamin regimen. The metabolism of vitamin C results in the production of oxalate. This is similar in mechanism to the breakdown of ethylene glycol, which also results in oxalate formation (9, 10) . The oxalate can then precipitate with calcium under the correct pH conditions to form polarizable, birefringent crystals (10, 11) . Calcium oxalate tubular injury is a well-known complication of vitamin C therapy, especially in people with renal disease, but renal oxalosis can occur in people who have poor fluid intake (12, 13) . Vitamin C metabolism is normally tightly regulated within the body; therefore, to reach supertherapeutic levels, the recommendation of many advocates of vitamin C therapy is intravenous administration since it bypasses the absorption block in the small intestine (9) . This increases the risk of oxalate crystal formation since vitamin C reaches plasma levels higher than in oral supplementation. The differential diagnoses of renal oxalosis include hereditary hyperoxaluria, enteric hyperoxaluria, ethylene glycol, and vitamin C toxicities (10) . In our case, it was most likely a combination of supertherapeutic vitamin C administration and dehydration, which resulted in the oxalosis-related kidney injury.
Image 2A: Left kidney with mild glomerulosclerosis and medial thickening of the branching renal arteries. Also present are multiple foci of mixed neutrophilic and lymphocytic inflammation associated with the renal tubules (H&E, x40).
We highlight this case as an unusual presentation of a homeopathic treatment for cancer as many coroners and medical examiners are likely unfamiliar with the potential side effects of high-dose vitamin C treatment in cancer. As more patients utilize both allopathic and nonallopathic treatments for their care, these types of complications will likely be seen more frequently. Furthermore, these types of cases where nonallopathic treatments are utilized may be referred to coroners or medical examiners due to concern for criminal negligence as many of these treatments are not standardized or U.S. Food and Drug Administration approved despite some literature to suggest there is benefit in certain cases. This potential for both civil and legal ramifications is important and should be recognized by medicolegal death certifiers. Our case was a consented hospital autopsy; however, concerns were raised by the treating clinicians about potential negligence by the treating homeopathic center.
We certified the manner of death a natural as the immediate cause of death was due to the myocardial infarction with contributions by the renal injury and metastatic carcinoma. Death certification in relation to medications and medical procedures can vary widely among practitioners; however, many currently accept that deaths arising from the appropriate and accepted treatment of a disease are certified as natural (14-Image 2B: Polarized light microscopy highlights numerous crystals throughout the renal tubules (H&E, x40).
